The color suppressed modes B 0 →D ( * )0 η (′) are analyzed in perturbative QCD approach. We found that the dominant contribution is from the non-factorizable diagrams. The branching ratios calculated in our approach for B 0 →D ( * )0 η agree with current experiments. We predict the branching ratios of B 0 →D ( * )0 η ′ are at the comparable size of B 0 →D ( * )0 π 0 , but smaller than that of B 0 →D ( * )0 η.
INTRODUCTION
The hadronic decays B 0 →D ( * )0 η (′) are color suppressed modes, which belong to class II decays in the factorization approach (FA) [1] . The relevant effective weak Hamiltonian for these decays is given by
where the four-fermion operators are
with the definition (q 1 q 2 ) V −A ≡q 1 γ µ (1−γ 5 )q 2 , and C 1 ∼ −0.25, C 2 ∼ 1 the Wilson coefficients.
The main contribution of these decays in FA is proportional to the Wilson coefficients a 2 = C 1 + C 2 /3, which is a small number. That is the reason why class II decays usually have small branching ratios. However, recent experiments by Belle and BABAR show that the branching ratios of class II decays are not so small [2, 3] . It means that the non-factorizable contributions in these decays are very important. This is confirmed in the recent theoretical study on charmed final state B meson decays in perturbative QCD approach [4] . The perturbative QCD approach (PQCD) for the exclusive hadronic B decays has been developed some time ago [5, 6] , and applied to the semi-leptonic [7] and non-leptonic decays [8, 9, 10] successfully. In this formalism, factorizable contributions, non-factorizable and annihilation contributions are all calculable. by including the k T dependence of the wave functions and Sudakov form factor, this approach is free of endpoint singularities. Recent study shows that PQCD approach works well for charmless B decays [8, 9, 10] , as well as for channels with one charmed meson in the final states [4, 11] . We will show the PQCD calculation of B 0 →D ( * )0 η (′) decays in the next section, and discuss the numerical results in section 3. The conclusion is in section 4.
DECAY AMPLITUDES IN PQCD
In two-body hadronic B decays, the outgoing mesons are energetic. Each of the valence quarks inside these mesons carries large momentum. Most of the energy comes from the heavy b quark decay in quark level. The light quark (d quark) inside B meson, which is usually called spectator quark, carries small momentum at order of Λ QCD . This quark also goes into final state mesons in spectator diagrams. Therefore, we need an energetic gluon to connect this quark to the four quark operator involved in the b quark decay. The hard four quark dynamic becomes six-quark effective interaction. Since six-quark interaction is hard dynamics, it is perturbatively calculable. The non-perturbative dynamics in this process is described by the wave functions of mesons consisting of quark and anti-quark pair. The decay amplitude is then expressed as
Here C(t) is the QCD corrected Wilson coefficient of the relevant four quark operator. Although next-to leading order results have been given [12] , we will use leading order one here [9] . Φ i are the meson wave functions, which include the non-perturbative contributions in these decays. The non-perturbative wave functions are not calculable in principal. But they are universal for all the hadronic decays. We will use the ones determined from other measured decay channels [4, 8, 9, 10] . The exponential S(t) is the so-called Sudakov form factor, which includes the double logarithm resulting from the resummation of soft and collinear divergence. This form factor is also calculated to next-to leading order in the literature [13] . The Sudakov factor suppresses the soft non-perturbative QCD contributions in the process [4, 8, 9] , thus it makes the perturbative calculation of hard part reliable. Now the only left part of the decay amplitude is the hard part H(t). Since it involves the four quark operator and the spectator quark connected by a hard gluon, it is channel dependent, but perturbatively calculable. There are altogether 8 kinds of diagrams in our B 0 →D ( * )0 η (′) decays, which are shown in Fig.1 for the spectator diagrams and Fig.2 for the annihilation type diagrams. Notice that in Fig.1 , the η (′) meson consists of dd content, while in Fig.2 , it is a uū pair making η (′) meson. Since η (′) meson is isospin singlet (uū + dd), these two sets of diagrams give relatively positive contributions. On the other hand, in case of B 0 →D ( * )0 π 0 decays [4] , where π 0 is isospin triplet (uū − dd), these two sets of diagrams give destructive contributions. Fortunately, as we will see later in the next section, the annihilation type diagrams are suppressed comparing to the spectator diagrams. Therefore, the branching ratios of these two kinds of decays are still comparable.
The structures of the meson wave functions are
Figure 1: Color-suppressed emission diagrams contributing to the B 0 →D ( * )0 η (′) decays.
GeV, utilizing isospin symmetry. And the light-like vectors are defined as n + = (1, 0, 0 T ) and n − = (0, 1, 0 T ). As shown in ref. [7] , φ B is identified as φ + and the contribution of another B meson wave functionφ B ∝ φ + − φ − is smaller in the PQCD calculations, therefore we neglect it. Applying for heavy quark symmetry, there is only one independent distribution amplitude in the heavy D ( * ) meson wave function [4, 11] . However, there are three distribution amplitudes for the light η (′) meson wave functions [10] 
The gluonic contents of η ′ will not make sizable contributions in the B → D ( * ) η (′) decays, thus we will not consider it. Many studies have been made for the mixing of η and η ′ [14] . The recent study shows that the best fit values of the η-η ′ mixing parameters yields:
. Utilizing the definitions of η 8 and η 0 , we have
where α = π + θ − arctan(1/ √ 2). The definition of the decay constants of η and η ′ are as follows:
Thess components of η and η ′ are not relevant in our decay channels. Therefore we did not show them. From the above eqns. (8, 9) , applying isospin symmetry, we have
In the following numerical studies, we will use the above formulas and the range of mixing parameters as θ = −17 • ∼ −11 • . The B 0 →D ( * )0 η (′) decay rates have the expressions,
Including the hard part and the meson wave functions, the B 0 →D ( * )0 η (′) decay amplitude is written as In FA, only factorizable contribution of ξ int ( Fig.1(a)(b) ) has been considered. Since ξ int is proportional to the small Wilson coefficient a 2 = C 1 + C 2 /3, the branching ratios predicted in FA is smaller than the experiments. Now in PQCD approach, all the topologies, including both factorizable and nonfactorizable ones, and also annihilation type ones have been taken into account. In fact the non-factorizable contribution M int , which is proportional to the large Wilson coefficient C 2 /3 is the dominant contribution in the B 0 →D ( * )0 η (′) decays. The reason is that the two non-factorizable diagrams in Fig.1(c) and (d) do not cancel each other like the B to two light meson decays, where the distribution amplitudes of wave function are symmetric [8, 9] . The large difference ofc and u quark mass makes the contribution of M int large. Very recently, the soft collinear effective theory also confirms that the non-factorizable M int dominate over the contribution of f D ( * ) ξ int [16] .
NUMERICAL RESULTS
As stated in the above section, we need various wave functions in our numerical calculations. Considering the previously calculations of other decay channels [4, 7, 8, 9, 10] the B meson wave function has been determined as
where the shape parameter is chosen as ω B = 0.4 GeV. The normalization constant N B is related to the decay constant f B through
The D ( * ) meson distribution amplitude is given by
with the shape parameter C D = C D * = 0.8 ± 0.2. The range of C D ( * ) was extracted from the B → D ( * ) lν decay spectrum at large recoil assuming ω B = 0.4 GeV for the B meson wave Table 1 : PQCD predictions (θ = −17 Table 1 , since it only depends on this parameter. Most of the uncertainty of B 0 →D ( * )0 η (′) decays is from the mixing parameter θ. Other input parameters, such as parameters of B meson wave function also affect the branching ratios, but they are mostly constrained by other well measured decay channels, like B → ππ [9] and B → Kπ [8] decays, etc. The recently observed class-2 decay B 0 →D ( * )0 η (′) branching ratios are also listed in Table 1 [2, 3, 17] . It is easy to see that, our results agree with the experimental measurements within errors. Our prediction shows that the not yet measured B 0 →D ( * )0 η ′ branching ratios are smaller than the B 0 →D ( * )0 η branching ratios. But they are still comparable with the B 0 →D ( * )0 π 0 branching ratios. The reason for this comparable result is that we apply the assumption of exact isospin symmetry. We use the same wave function for η (′) and π meson. The only difference is the decay constant with different normalization factors cos α/ √ 2 (sin α/ √ 2) or 1/ √ 2. The difference of dynamics is the constructive or destructive contribution from annihilation type diagrams. This destructive contribution makes the B 0 →D ( * )0 π 0 branching ratios smaller than that of B 0 →D ( * )0 η decays. The numerical results also show that the dominant contribution comes from the non-factorizable contribution M int . The factorizable contribution f D ξ int and annihilation contribution M exc are only 20-30% of M int . Factorizable annihilation contribution f B ξ exc is negligible.
SUMMARY
In this work, we calculate the branching ratios of B 0 →D ( * )0 η (′) decays in the perturbative QCD approach with k T factorization, which is free of endpoint singularity. Belonging to class II decays in FA, these decays receive dominant contributions from the non-factorizable diagrams. Naive factorization breaks down in these color suppressed modes. The branching ratios calculated in our approach for B 0 →D ( * )0 η agree with current experiments. We predict the branching ratios of B 0 →D ( * )0 η ′ are at the comparable size of B 0 →D ( * )0 π 0 , but smaller than B 0 →D ( * )0 η. They may be measured soon in the B factories.
